The size effect is alive well but visible only when the economy is in a high volatility regime. This result is robust across different sample periods and model specifications.
Introduction
first reports that small-capitalization firms on the New York Stock Exchange (NYSE) earned higher average returns than is predicted by the CAPM from 1936 to 1975. Fama and French (1993) adopt this empirical fact and develop their three-factor asset pricing model (FF) with the market excess return (RMRF) and two mimicking portfolios based on market capitalization (SMB) and book-to-market (HML). The FF model has become an industry standard because it can explain the average return variations across portfolios formed on many different characteristics. Fama and French interpret their two mimicking portfolios as risk factors capturing a risk premium for the relative distress of firms in the context of ICAPM while the underlying economic source of the risk premium
has not yet fully understood.
van Dijk (2011) surveys the literature on the size effect and identifies two seemingly contradictory developments in research on the size effect since the late 1990s; many theoretical models are developed to explain the size effect (e.g. Berk, Green, and Naik (1999) ), but the size effect has disappeared since the early 1980s according to most of the empirical studies. For example, Horowitz, Loughran, and Savin (2000) report that small firms did not earn higher average realized returns than big firms during the 1980s and 1990s. Schwert (2003) asserts that "it seems that the small-firm anomaly has disappeared since the initial publication of the papers that discovered it." It is well known that if the anomalies are a result of data snooping bias, these are expected to disappear in the data soon after they have been reported. If this is indeed the case, the SMB factor should not be interpreted as a systematic risk factor to generate a risk premium in the rational asset pricing model. It would be puzzling why Fama and French still keep their SMB factor in explaining the cross-section of stock returns.
Interestingly, Hou and van Dijk (2010) argue that the size effect exists in ex ante expected returns but might not be visible in realized returns. They show that small firms experience large negative profitability shocks after the early 1980s, while big firms experience large positive shocks. After filtering out this noise, they find a robust size effect in expected returns. However, they do not provide the underlying causes of the size effect, and ask for a revival of academic research on the issue. Based on the careful summary of the literature, van Dijk (2011)(p3263) argues "it is premature to conclude that the size effect has gone away...whether and how existing models can be reconciled with known patterns in the returns on small and large stocks is not clear".
In this paper, I document a new stylized fact on the size effect to resolve this seemingly puzzling issue. I find that the SMB factor earns a significant independent risk premium only in uncertain macroeconomic states, even though it has a zero risk premium on average. This result is robust across different time periods and model specifications.
Motivated by Lettau, Ludvigson, and Wachter (2008) , I employ several bivariate regime switching models for the growth rate of industrial production and the SMB factor to identify two independent switching state variables; one of the two regime switching state variables captures fairly well a business cycle regime while the other captures a volatility regime. I show that the SMB factor is important as a pricing factor only when the economy is in a high volatility regime while the factor is redundant in other regimes.
In a related study, Perez-Quiros and Timmermann (2000) find that the size premium would be present only in a recession regime by estimating the conditional distribution of stock returns using several financial or macro variables with two regime specifications, which they interpret as business cycle regimes. However, because they identify two regimes primarily based on stock returns, their estimated regimes sometimes seem to mix high volatility regimes in the stock market (e.g. 1987 stock market crash) with a recession regime.
Instead I use the joint distribution of the growth rate of industrial production and the SMB to estimate independent mean and volatility regimes. The estimated mean and volatility regimes capture stylized facts on the economy quite accurately. The estimated mean regimes are closely tracking business cycle patterns, and the volatility regimes pick up the so-called great moderation since 1984. While it is often said that recessions coincides with the high volatility regimes, I find that the correlation of two are quite small (0.2) since July 1963.
I claim that the so-called "Great Moderation" coined by Ben Bernanke has been effectively masked the size effect until recently. Kim and Nelson (1999) and McConnell and show that US output volatility had declined substantially in the early 1980s. Interestingly, this period coincides with the initial publication of the size effect. However, the size effect has been resurrected since the recent financial crisis coupled with uncertain economic environment. For example, the average monthly size premium was 1.615% during 2008. (2000), based on the imperfect capital market theories, claim that small firms with little collateral do not have the same access to credit markets that are enjoyed by large firms. The high returns to small firms (SMB) might be compensation for taking this credit-related risk because small firms are more affected by tight credit market conditions in a recession regime.
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However, in well-developed financial markets such as U.S.A., perhaps recession itself would not hamper raising capitals for the small-sized firms unless it coincides with the high uncertainty. I argue that even in the recession if it is not companied with severe economic uncertainty, the capital market would function well. Only high macroeconomic volatility regime would discourage the provision of credit by increasing uncertainty about prospective returns and exposing banks to potentially large losses. Investors would ask compensation for this systematic risk to credit-constrained small-size firms in high volatility regime. Indeed the results in this paper support the implication. I find that the size premium would be present only in a high volatility regime from time-series asset pricing tests based on the Fama-French three-factor model.
The rest of the paper is organized as follows: Section 2 discusses the empirical models;
Section 3 describes the data; Section 4 presents the estimation results; and Section 5 concludes.
Empirical Models
This section discusses empirical models employed to test the existence of the size premium; the first subsection briefly describes a regime switching model with mean and volatility regimes for the industrial production growth and the second subsection explains how to test whether a factor is redundant. The third subsection combines these two models and presents the main econometric specifications.
Regime Switching Model
Consider a time-series of observations on the industrial production (Y t ) and let lowercase letters denote log variables, that is, the growth rate of industrial production becomes ∆y t ≡ log Y t /Y t−1 . A regime switching model of ∆y t takes the form,
where S t and V t are latent state variables for the states of mean and variance.
I assume that the probability of changing mean states is independent of the probability of changing volatility regimes following Lettau, Ludvigson, and Wachter (2008) .
It follows that there are two mean regimes, µ t ≡ µ (S t ) ∈ {µ l , µ h } and two volatility
where l denotes the low regime and h the high regime.
I denote the transition probabilities of the Markov chains as
where the probabilities of transitioning between regimes are denoted p µ hl = 1 − p µ ll and p µ lh = 1 − p µ hh for the mean regime, and p σ hl = 1 − p σ ll and p σ lh = 1 − p σ hh for the volatility regime.
Since the state variables, S t and V t are latent, information about the unobserved regime must be inferred from observations on the data. Such inference is provided by estimating the filtered or smoothed probability of being in state of S t and V t conditional on estimated of the model parameters and the data. Specifically, the posterior probability is computed as P
and P
, where ⌢ Θ is the maximum likelihood estimate of parameters in the model and Y s denotes observations available through time s. The filtered probability is computed by using observations up to time t (Y t ), and the smoothed probability is calculated with the whole sample data (Y T ). All the parameters are estimated using maximum likelihood constructed with with filtered probabilities of S t and V t . Recently Bai and Wang (2011) articulate that the proposed model with two mean states and two variance states can be viewed as a restricted version of the Hamilton (1989) model with four states. They explain detailed estimation algorithms and show that this restricted model provides good estimates for the recession probabilities with quarterly data. This paper also confirms the empirical fact with monthly industrial production growth data.
Asset Pricing Tests on the Size Premium
The Fama and French (1993) three-factor model is given as 
If α = 0, the size premium is explained by the other two Fama-French factors and the SMB factor can be dropped from the Fama-French three-factor model.
Asset Pricing Tests with Regime Switching Models
I propose four testable hypotheses to determine if the size premium is redundant in the high volatility regime or in a recession regime.
Hypothesis I: the SMB is redundant during the high volatility regimes.
To test if the hypothesis I holds, I combine (2.1) and (2.2) to estimate the following bivariate regime switching model (Model 1) .
where R smb,t is the return to the SMB, R mt − R f t is the market portfolio excess return, R hml,t is the return on the HML, ∆y t is the monthly growth rate of the industrial production. I(V t = H) is the indicator function having the value 1 for high-vol regimes and the value 0 for other regimes. S t and V t are independent latent state variables for the regimes of mean and variance. As in the univariate regime switching model for the industrial production growth, I assume that the probability of changing mean regimes is independent of the probability of changing volatility regimes. If ϕ = 0, the size premium is redundant during the high volatility regime.
Hypothesis II: the SMB is redundant during the recession regimes.
To test if the hypothesis II holds, I estimate the following bivariate regime switching model (Model 2).
where I(S t = L) is the indicator function having the value 1 for low-mean (recession) regimes and the value 0 for other regimes. As before, I assume that the probability of changing mean regimes is independent of the probability of changing volatility regimes.
If λ = 0, the size premium is redundant during the recession regime.
Models 1 and 2 may be too restrictive because factor loadings in this regression can be also regime-dependent. As robustness checks, I test the same hypotheses with the bivariate model with regime switching betas. The betas of the RMRF and HML are changing across different volatility regimes in the model 3 and across different business cycle regimes in the model 4, respectively.
Hypothesis III: the SMB is redundant during the high volatility regimes
with regime switching volatility betas (Model 3).
Hypothesis IV: the SMB is redundant during the recession regimes with regime switching recession betas (Model 4).
Data
The data are from July 1926 to November 2011 (1,025 monthly observations). The monthly market excess returns (RMRF), the value premium (HML), and the size premium (SMB) are downloaded from Kenneth French's website. 2 The index of industry production is from the Federal Reserve Bank of St. Louis. In order to conduct the robustness checks, I also report the estimation results using the subsample from July 1963 to November 2011. The starting date is selected to be consistent with the sample used in Fama and French (1992) . dustrial production growth. Panel A reports for the whole sample and Panel B for the subsample, respectively. In the whole sample, the mean excess return on the U.S. stock market portfolio is about 0.62% per month and is highly volatile (5.46% per month).
The SMB and the HML have lower mean returns, 0.24% and 0.3% per month with similar lower volatility (3.32% for the SMB and 3.57% for the HML, respectively). The industrial production growth is on average 3.14% and its volatility is 21.94% in annualized terms. In the subsample, one notable fact is the reduction of the volatility in the industrial production growth from 21.91% to 9.12%. Figure 1 also confirms that there were apparent reduction in the volatility of U.S. output fluctuations in the early 1980's.
Empirical Results

Preliminary Results
Univariate Regime Switching Model
I first estimate a univariate regime switching model ((2.1)) for the industrial production growth (∆y t ). Table 2 presents the estimation results in panel A for the whole sample and panel B for the subsample. The regime represented by µ (S t ) = µ h has average growth equal to annualized 5.3% for the whole sample and 4.57% for the subsample while the regime represented by µ (S t ) = µ l , has an average growth rate of -9.94% for the whole sample and -5.35% for the subsample. Thus, the high growth regime (S t = h) is an expansion state and the low growth regime (S t = l) a recession state. These fluctuations in the regime switching mean growth rate of the industrial production capture business cycles in the economy.
The volatility estimates provide the degree to which macroeconomic risk varies across regimes. The high volatility regime (σ (V t ) = σ h ) has residual variance of 40.27 for the whole sample and 15.51 for the subsample, whereas the low volatility regime (σ (V t ) = σ l ) has the much smaller variance 7.56 for the whole sample and 5.47 for the subsample.
The probability that high mean growth will be followed by another high mean growth regime is 0.97 for the whole sample and 0.98 for the subsample, implying that the high mean regime is expected to last on average about 33 months. The high volatility regimes are less persistent than the mean regimes. For example, the probability that a high volatility regime will be followed by another high volatility regime is 0.93 for the whole sample but 0.72 for the subsample. This feature is consistent with the reduction of output volatility since 1980s. While it is often said that recessions coincides with the high volatility regimes, I find that the correlation of two are quite small (0.2) since July 1963. Perhaps the recession would be officially near the end (or ended), whereas the economic uncertainty could be still high. 
Simple Asset Pricing Tests
I estimate the Fama-French model(2.2) and test if α = 0. Table 3 presents that the SMB alpha (α) with Newey-West standard errors. The alpha is only 0.11% with t-statistics 1.14 for the full sample and 0.24% with t-statistics 1.72 for the subsample. The results show that the size effect does not exist unconditionally in the data, and the SMB factor can be dropped from the Fama-French model unconditionally.
Asset Pricing Tests with Macroeconomic Uncertainty
Hypothesis I: the SMB is redundant during the high volatility regimes.
I reproduce the model (Model 1) to test the hypothesis I for an easier explanation.
where R smb,t is the return to the SMB, R mt − R f t is the market portfolio excess return, R hml,t is the return on the HML, ∆y t is the monthly growth rate of the industrial production. I(V t = H) is the indicator function having the value 1 for high-vol regimes and the value 0 for other regimes. S t and V t are latent state variables for the regimes of mean and variance. Table 4 presents that ϕ is 0.64 with t-statistics 2.78 for the whole sample and 1.11 with t-statistics 2.21 for the subsample. The results clearly indicate that the SMB is not redundant in a high volatility regime. Other parameter estimates are pretty close to those from univariate models in Tables 2 and 3 I reproduce the model (Model 2) to test the hypothesis II for an easier explanation.
where I(S t = L) is the indicator function having the value 1 for low-mean (recession) regimes and the value 0 for other regimes. If λ = 0, the size premium is redundant during the recession regime. Table 5 indicates that λ is 0.15 with t-statistics 0.14 for the whole sample and 0.66 with t-statistics 1.70 for the subsample. The results indicate that the SMB is redundant in a recession regime. Other parameter estimates are largely similar to those in Table   4 . The estimated mean and the volatility regimes in Figures 4,5 ,6, and 7 are also close to the regimes identified in the model 1.
Models 1 and 2 are too restrictive because factor loadings can be also regimedependent. The estimated SMB alphas could reflect the omission of regime-dependent factor loadings. To check the robustness of the results, I also test the hypothesis I and II with the regime switching betas. The betas of the RMRF and HML are changing across different volatility regimes in the model 3 and different business cycle regimes in the model 4, respectively. I reproduce the estimated equation for the SMB factor for an easier explanation.
Hypothesis III: the SMB is redundant during the high volatility regimes
with regime switching volatility betas (Model 3). Table 6 shows that the HML betas are regime-dependent while the market betas are regime-invariant. In a high volatility regime, the HML loadings are 0.59 with t-statistics 10 for the whole sample and 0.86 with t-statistics 8.23 for the subsample. And ϕ becomes smaller in this specification. ϕ is 0.55 with t-statistics 2.44 for the whole sample and 0.75 with t-statistics 1.95 for the subsample. Thus, the high SMB alpha in the high volatility regimes are partly explained by the increase in the HML loadings, indicating that the SMB is not redundant in a high volatility regime. The estimated mean and the volatility regimes in Figures 4,5 ,6, and 7 are again close to the regimes identified in the model 1.
Hypothesis IV: the SMB is redundant during the recession regimes with regime switching recession betas (Model 4).
R smb,t = α+λI(S t = L)+(β smb +β smb I(S t = L))(R mt −R f t )+(h smb +h smb I(S t = L))(R hml,t )+ε smb,t Table 7 presents that the HML betas are regime-dependent. In a recession regime, the HML loadings are 0.72 with t-statistics 9.14 for the whole sample and 0.49 with t-statistics 4.66 for the subsample. Thus, the high SMB in the recession regimes are partly explained by the increase in the HML loadings. And λ is 0.39 with t-statistics 1.09 for the whole sample and 0.05 with t-statistics 0.42 for the subsample. Particularly for the subsample, the SMB alpha has only 0.42 t-statistics with regime-dependent HML loadings while it has 1.70 t-statistics in the model 2. The results strengthen the hypothesis that the SMB is redundant in a recession regime. The estimated volatility regimes in Figures 4 and 6 are close to the regimes identified in the model 1 while the estimated mean regimes seem to have more noises.
Economic Interpretation
The empirical results presented in the previous section indicate that the SMB factor earns a significant independent risk premium only in uncertain macroeconomic states, even though it has a zero risk premium on average. (2000), based on the imperfect capital market theories, claim that small firms' collateral is likely to be very low during the recession, and with little collateral they do not have the same access to credit markets that are enjoyed by large firms. Investors would ask a compensation for small firms if those firms' risk should be disproportionately affected by tighter credit conditions. Thus, the high returns to small firms might be compensation for taking this credit-related risk in a recession regime.
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The main reason to observe the capital market imperfections is the information asymmetry between borrowers and lenders (e.g. adverse selection and moral hazard problems). When the asymmetric information problems becomes severe between lenders and borrowers, the higher credit risk will be reflected as a higher external finance premia, a wedge between the external financing by issuing equity or debt and the internal financing by retaining earnings. There are many empirical results supporting the impact of capital market imperfections on firms' financing decisions across different economic environments. For example, Choe, Masulis, and Nanda (1993) present that firms' financing decisions are affected by business cycles. Ozkan and Ozkan (2004) find that small, non-rated firms with strong investment opportunities and volatile cash flow, i.e., with a high degree of information asymmetry, hold more cash as a safeguard against the worsening credit conditions. In well-developed financial markets such as U.S.A., perhaps recession itself would not hamper raising capitals for the small firms unless it coincides with the high uncertainty.
I argue that even in the recession if it is not companied with severe economic uncertainty, the capital market could function normally. Only high macroeconomic volatility regime would discourage the provision of credit by increasing uncertainty about prospective returns and exposing banks to potentially large losses. Baum, Caglayan, and Ozkan (2009) report the potentially adverse effects of macroeconomic volatility on the allocation of banks' lending behavior. Based on a clear negative association between proxies of macroeconomic uncertainty and the cross-sectional variability of banks' loan-to-asset ratios, they argue that banks will behave more homogenously during the times of higher macroeconomic uncertainty. This adverse effects would affect small firms significantly. Gertler and Gilchrist (1994) suggest that small firms are more dependent on bank loans while large firms have better access to direct sources of credit such as commercial paper.
Investors would ask compensation for this systematic risk to credit-constrained smallsize firms in high volatility regime. Indeed the results in this paper support the implications. I find that the size premium is not redundant only in a high volatility regime from time-series asset pricing tests based on the Fama-French three-factor model.
Conclusion
Since Banz (1981) first reports that small-capitalization firms on the New York Stock Exchange (NYSE) earned higher average returns than is predicted by the CAPM from 1936 to 1975, the size effect has been subject to many theoretical and empirical scrutinies.
van Dijk (2011) identifies two contradictory developments in research on the size effect since the late 1990s. Many theoretical models are developed to explain the size effect (e.g. Berk, Green, and Naik (1999) ), but the size effect has disappeared since the early 1980s (e.g. Horowitz, Loughran, and Savin (2000) ).
If the anomalies are a result of data snooping bias, these are expected to disappear in the data soon after they have been reported. If the size premium has indeed disappeared, the SMB should not be interpreted as a systematic risk factor to generate a risk premium in the rational asset pricing model. It would be puzzling why Fama and French still keep their SMB factor in explaining the cross-section of stock returns.
In this paper, I document a new stylized fact on the size effect to resolve this issue. I find that the size factor (SMB) earns a significant independent risk premium only in uncertain macroeconomic states, even though it has a zero risk premium on average. This result is robust across different time periods and model specifications. I claim that the so-called "Great Moderation" coined by Ben Bernanke has been effectively masked the size effect until recently. Kim and Nelson (1999) and McConnell and Perez-Quiros (2000) show that US output volatility had declined substantially in the early 1980s. Interestingly, this period coincides with the initial publication of the size effect.
However, the size effect has been resurrected since the recent financial crisis coupled with uncertain economic environment.
The imperfect capital market theories indicate that small firms' collateral is likely to be very low during the recession, and with little collateral they do not have the same access to credit markets that are enjoyed by large firms. Investors would ask a compensation for small firms if those firms' risk should be disproportionately affected by tighter credit conditions. Thus, the high returns to small firms might be compensation for taking this credit-related risk in a recession regime.
However, in well-developed financial markets such as U.S.A., perhaps recession itself would not hamper raising capitals for the small firms unless it coincides with the high uncertainty. Only high macroeconomic volatility regime would discourage the provision of credit by increasing uncertainty about prospective returns and exposing banks to potentially large losses. Gertler and Gilchrist (1994) suggest that small firms are more dependent on bank loans, and Baum, Caglayan, and Ozkan (2009) present evidence that the adverse effects of macroeconomic volatility on the allocation of banks' lending behavior. Perhaps, the macroeconomic volatility will do more harm to small-sized firms in this respect. Investors would ask compensation for this systematic risk to creditconstrained small-size firms in high volatility regime. Indeed the results in this paper support the implications. I find that the size premium is not redundant only in a high volatility regime but redundant in other regimes from time-series asset pricing tests based on the Fama-French three-factor model. Summary statistics for the Fama-French three factors and the growth rates of the industrial production (Panel A: 1926 :07 -2011 :11, Panel B: 1963 :07 -2011 . The Auto (1) : 1926 : :07 -2011 : :11, Panel B: 1963 : :07 -2011 :
where ∆y t are monthly growth rates of the industrial production. S t and V t are latent state variables for the regimes of mean and variance. I assume that the probability of changing mean regimes is independent of the probability of changing volatility regimes. It follows that there are two mean regimes,
where l denotes the low regime and h the high regime. I denote the transition probabilities of the Markov chains. : 1926 : :07 -2011 : :11, Panel B: 1963 : :07 -2011 : : 1926 : :07 -2011 : :11, Panel B: 1963 : :07 -2011 .
where R smb,t is the return to the SMB, R mt − R f t is the market portfolio excess return, R hml,t is the return on the HML. The Fama-French three factors (RMRF, SMB, HML) are from Kenneth French's Web site. I(V t = H) is the indicator function having the value 1 for high-vol regimes and the value 0 for other regimes. ∆y t is the monthly growth rate of the industrial production from the Federal Reserve Bank of St. Louis. S t and V t are latent state variables for the regimes of mean and variance. I assume that the probability of changing mean regimes is independent of the probability of changing volatility regimes. It follows that there are two mean regimes, µ t ≡ µ (S t ) ∈ {µ l , µ h } and two volatility regimes, σ t ≡ σ (V t ) ∈ {σ l , σ h }, where l denotes the low regime and h the high regime. I denote the transition probabilities of the Markov chains. : 1926 : :07 -2011 : :11, Panel B: 1963 : :07 -2011 .
where R smb,t is the return to the SMB, R mt − R f t is the market portfolio excess return, R hml,t is the return on the HML. The Fama-French three factors (RMRF, SMB, HML) are from Kenneth French's Web site. I(S t = L) is the indicator function having the value 1 for low-mean (recession) regimes and the value 0 for other regimes. ∆y t is the monthly growth rate of the industrial production from the Federal Reserve Bank of St. Louis. S t and V t are latent state variables for the regimes of mean and variance. I assume that the probability of changing mean regimes is independent of the probability of changing volatility regimes. It follows that there are two mean regimes, µ t ≡ µ (S t ) ∈ {µ l , µ h } and two volatility regimes, σ t ≡ σ (V t ) ∈ {σ l , σ h }, where l denotes the low regime and h the high regime. I denote the transition probabilities of the Markov chains. 
